UNIVERSITY OF NEW ENGLAND 


University of NAME: 
New England : 
STUDENT NUMBER: 


UNIT CODE: PMTH412 

PAPER TITLE: Multivariable Calculus 

PAPER NUMBER: First and Only 

DATE: Thursday 1 June 2017 TIME: 9:15 AM TO 12:30 PM 
TIME ALLOWED: ~—_ 3 hours and 15 minutes 

NUMBER OF PAGES IN PAPER: _— THREE (3) 

NUMBER OF QUESTIONS ON PAPER: _ FIVE (5) 

NUMBER OF QUESTIONS TO BE ANSWERED: FIVE (5) 


STATIONERY ES 6 PAGE ANSWER BOOKS | 0 GENERAL PURPOSE ANSWER SHEET 
PER 


CANDIDATE: | 0 GRAPH PAPER SHEETS | 0 GEOLOGY SAMPLES 


OTHER AIDS REQUIRED: NONE 
CALCULATORS: PERMITTED (APPROVED MODELS ONLY) 


TEXTBOOKS OR NOTES: THREE (3) A4 SHEETS OF HANDWRITTEN 
DOUBLE SIDED NOTES (6 PAGES); NO PHOTOCOPIES; NO PRINTED OR 
SCANNED NOTES ARE PERMITTED 
INSTRUCTIONS FOR CANDIDATES: 

e Candidates MAY NOT start writing until instructed to do so by the supervisor 


e Please pay attention to the announcements and read all instructions carefully before 
commencing the paper 


e Candidates MUST write their name and student number on the top of this page 
e Answer all questions 
e Questions are of equal value 


e This examination paper MUST BE HANDED IN along with all supplied stationery. 
Failure to do so will result in the cancellation of all marks for this examination 


REMEMBER TO WRITE YOUR NAME AND STUDENT NUMBER AT THE TOP OF THIS PAGE 


THE UNIVERSITY CONSIDERS IMPROPER CONDUCT IN EXAMINATIONS TO BE A SERIOUS OFFENCE. 
PENALTIES FOR CHEATING ARE EXCLUSION FROM THE UNIVERSITY FOR ONE YEAR AND/OR CANCELLATION 
OF ANY CREDIT RECEIVED IN THE EXAMINATION FOR THAT UNIT. 


PMTH412 Trimester 1 2017 


Question 1 [20 marks] 


(a) Find the natural domain of the vector function 7 (t) and determine for which t from 


the natural domain the curve 
F(thaPT +O7 +k 
is smooth. 
(b) Find the curvature of the curve 
Pi) =P 4O7 +E. 
for. 
(c) Find the length of the are given by 
7 (t) = cost i + sint j a 2K, Ot <7: 
(d) Find the normal plane of the curve 
7 (t) = cos ti + sin tj + 4K 


at t= 5. 


Question 2 [20 marks] 


(a) Find and classify the critical points of f(x,y) = 2? + 4y? —x —2y+1. 


(b) Find the absolute extrema of the above function in the triangle with vertices (0,0), 
(1,0) and (1,1). 


c) Use Lagrange multipliers to find the minima and maxima of f(x,y) = 2x? — y? on 
(c) grang P y y 


the unit circle x? + y? = 1. 


Question 3 is on page 3 
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Question 3 [20 marks] 


(a) Let D be the region enclosed by the y-axis, and the curve given by x = 1 — y?. 


/ Qy? dA. 
D 


(b) Show that the integral ee ) 6¥ sin a dx — e¥ cos x dy is independent of the path, and 


Evaluate 


find its value by any method. 


Question 4 [20 marks] 

(a) Find the volume of the solid enclosed by the cylinder x? + y? = 1, the ry-plane and 
the paraboloid z = x? + y?. 

(b) Compute the flux of the flow v = tityj—2z k through the surface of the sphere 


gt+yt2a=l. 


Question 5 [20 marks] 


Decide which of the following statements are true or false. Justify your answer by 


proving the true statements and by providing a counterexample to the false statements. 


(a) A line Ly in R’, passing trough a point P and with directing vector @ and a line Ly» 


in R°, passing trough a point Q and with directing vector 0 do not intersect if the 


mixed product PO -(@x 8) £0. 


(b) If for a function g(z, y) defined on R? the limits lim g(a, 0) and lim, g(0, y) exist then 
xL— yo 


they are equal. 


; , ’ f(x,y) 
c) If a function f(x,y) defined on R? satisfies lim 
(©) fey) (v,y)+(0,0) x? + y? 


tiable at (0,0) and has partial derivatives 2F(0, 0) = 7£ (0, 0) =0. 


= 0 then f is differen- 


(d) If a function g(z, y) is differentiable on R? and has a single local minimum then this 


is a global minimum. 


(ec) A differentiable vector field @ = u(x, y)i + v(z,y)j defined on R? is conservative if 


div w = 0. 
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